for tailor-made materials of specific applications such as adsorption, polymer electrolyte membrane (PEM) for the separation of metal ions, amino acids and protein by adsorption, ultrafiltration, electro-ultrafiltration, fuel cell application and pervaporation. Additionally, amino groups made CS a cationic polyelectrolyte (pK a ≈ 6.5), due to its solubility in aqueous acidic media at pH < 6.5. When dissolved, CS possesses a high positive charge on −NH 3 + groups and makes aggregates with polyanionic compounds, and chelates with heavy metal ions. CS has drawn particular attention as effective biosorbent, due to its low cost compared to activated carbon and its high amino and hydroxyl functional group contents responsible for high adsorption potential for various aquatic pollutants [9] [10] [11] [12] [13] [14] . This biopolymer represents an attractive alternative over other biomaterials because of its physico-chemical characteristics, chemical stability, high reactivity, excellent chelation behavior and high selectivity toward pollutants [15] [16] . Natural chitosan was modified by several methods (either physically or chemically) to enhance the adsorption capacity for various types of pollutants. Different shapes of chitosan, e.g. membranes, microspheres, gel beads and films have been prepared and examined for the removal of various pollutants from water and wastewater. CS has been employed as a promising polymeric matrix for DMFC application considering its low cost, desirable alcohol barrier property and proton conductivity as well as adequate thermal stability after cross-linking [17] [18] [19] . Reports are available, where chitosan has been used as membrane forming material in pervaporation for the dehydration of alcohols, because of its hydrophilic nature and very high affinity towards water [20] [21] [22] . 
Adsorption
Water is one of the basic necessities required for the sustenance and continuation of life. It is therefore important to supply good quality of water for various activities. However, this is becoming increasingly difficult in view of large scale pollution caused by industrial, agricultural and domestic activities. These activities generate wastewater which contains both inorganic and organic pollutants. Some of the common pollutants are phenols, dyes, detergents, insecticides, pesticides and heavy metals [23, 24] .
Chitosan based adsorbents for the separation and recovery of pollutants from wastewater
During recent years, CS derivatives were successfully utilized for removal of anions from wastewater. The adsorption of nitrate by CS hydrobeads was examined by Chatterjee and Woo [25] . Desorption of nitrate from the loaded beads was accomplished by increasing the pH of the solution to the alkaline range, and 87% desorption ratio of nitrate was achieved at pH 12.0. The applicability of neodymium-modified chitosan as adsorbents for removal of excess fluoride ions was studied by Yao et al [26] . Three cross-linked CS derivatives were used for the removal of Cr(VI) from aqueous solutions: (i) CS, without grafting; (ii) CS grafted with acrylamide (CS-g-Aam) and (iii) CS grafted with acrylic acid ( CS-g-Aa). CS-gAam exhibited the highest sorption capacity for Cr(VI) removal (935 mg g -1 ) at pH: 4.0 [27] . The metal-binding property of chitosan was used to incorporate titanium (Ti) metal and applied as an adsorbent for fluoride adsorption by Ti loading. It was observed that an increase in titanium loading from 5 to 15% improved fluoride removal from 61 to 89% [28] . CS intercalated montmorillonite (CS-MMT) was prepared by dispersing sodium montmorillonite (Na+-MMT) into CS solution at 60 °C for 24 h. CS-MMT showed the highest 46-49 mg g -1 adsorption capacity, which was attributed to the existence of intercalate-CS, and enlarged its pore structure and facilitated the penetration of macromolecular dyes bound electro-statically [29] . N-benzyl mono-and disulfonate derivatives of CS were also used for the removal of dyes in aqueous media. Results confirmed the strong cation exchange character of the sulfonated derivatives with 121.9 mg g -1 adsorption capacity at pH: 3.0 [30] . Four kinds of phenol derivatives: 4-hydroxybenzoic acid (BA), 3,4-dihydroxybenzoic acid (DBA), 3,4-dihydroxyphenyl-acetic acid (PA), and hydrocaffeic acid (CA), were grafted onto CS substrate, individually. The modified CS derivatives were used for removal of cationic dyes (crystal violet (CV) and bismarck brown Y (BB)). The optimum adsorptive uptake for CV and BB occurred at pH: 7.0 and 9.0 at 30 °C, respectively [31] . Simultaneous removal of various metal ions (zinc, copper, cadmium, and lead) in aqueous media was achieved by commercially available CS flakes [32] . Cross-linked CS gel beads were also used for molybdate sorption. Authors reported 700 mg g -1 adsorption capacity in batch studies [33] . Cross-linking of CS particles with glutaraldehyde, epichlorhydrine, or EGDE (ethylene glycol glycidyl ether) enhanced the resistance of sorbent beads against acids, alkali or chemicals [34] . Contamination of natural waters by arsenic in is a worldwide problem, which is a health hazard. Extensive research has been conducted to control/minimize the arsenic contamination in drinking water. Sorption of As(V) on molybdate impregnated CS gel beads was investigated [35] . CS derivatives were also found to be efficient for removing gold from dilute acidic solutions, with 600 mg g -1 (3 mmol g -1 ) uptake capacity. However, 102 mg g -1 adsorption capacity was recorded as high as for 100 mgl -1 initial Cr(VI) concentration. Results showed that both monolayer adsorption and intraparticle diffusion mechanisms limited the rate of Cr(VI) adsorption [36] . Quaternary ammonium salt of chitosan (QCS) was synthesized via reaction of a quaternary\trimethyl ammonium, glycidyl chloride and examined for Cr(VI) removal [37] . Cross-linked CS/PVA beads with low water content were prepared by suspension of aqueous solution of chitosan/PVA in toluene-chlorobenzene medium using glutaraldehyde as cross-linking agent in acidic conditions [38] . The developed beads exhibited quite low degree of swelling of prepared beads due to water loving nature of beads and considerable hydrogen bonding with hydrophilic groups. Both nitrogen and oxygen atom posses lone pair of electrons, can bind a positively charged ion through the electron pair sharing. The easy release of lone pair from nitrogen atom makes it the main binding site and forms stable metal complex. With the above consideration, the following chemical reactions are proposed to account the mechanism of Cd(II) adsorption and desorption: ++ 23 R-NH +H R-NH → 22 2 R-NH +Cd R-NH2Cd
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The maximum adsorption capacity of Cd(II) on chitosan-coated perlite beads at pH: 6 was found to be 78 and 178.6 mg g -1 of beads from a solution containing 1000 and 5000 mg l -1 of Cd(II), respectively, at 298 K. Breakthrough data from a column were used to calculate the diffusion coefficients for Cd(II) into the chitosan coated perlite beads, and the diffusion coefficient was found to be 8×10 -13 m 2 s -1 [39] . The modification of −OH groups on CS chemical reactions using ehtylenediamine and carbodiimide (CR) were also studied [40] . Hg(II) uptake by CS cross-linked with gluteraldehyde (GLA) and (CR) subsequently treated with EPI (CR-Cl) followed by reaction with ethylene diamine (CR-amine) or 3-amino-1,2,4-thiazole-5 thiol (CR-azole) was studied [41] . Hg(II) adsorption behavior of cross-linked carboxymethyl chitosan was reported with 124.4 mg g -1 maximum adsorption capacity (pH: 5.0) [42] . Donia et al. modified magnetic chitosan by use of a Schiff's base cross-linker (GLA+thiourea) and studied the removal of Hg(II) solutions by the obtained resin [43] . Observed adsorption capacity was attributed to the presence of the free lone pair of electrons on N and S atoms suitable for coordination with soft acid i.e. Hg(II) ions. Novel CS based chelating resin (CCTS-TAA) was also synthesized for Hg(II) adsorption from EDGEcross-linked chitosan (CCTS) followed by chemical modification with tris(2-aminoethyl)amine (TAA) moiety The CCTS-TAA resin possesses tertiary and primary amine groups, presenting the tertiary amine higher affinity and selectivity for Hg(II) [44] . Gen et al. reported the use of Procion Brown MX 5BR immobilized poly(hydroxyethylmethacrylate/CS) composite membrane (pHEMA/CS) for removal of Hg(II) from aquatic systems. The CS and N-carboxymethyl CS (NCMCS) beads were used as an adsorbent for the gold (III) (Au 3+ ) removal from wastewater. Adsorption of Au 3+ ions occurred only at the optimum pH and kinetic studies showed a rapid adsorption of Au 3+ from aqueous solution. The experimental data of the adsorption equilibrium from Au 3+ solutions correlated well with the Langmuir adsorption isotherm. The maximum desorption of Au 3+ was obtained from CS/ NCMCS beads by the treatment with EDTA solution of known concentration. The Au 3+ ions can be easily removed from CS or NCMCS by treatment with an aqueous EDTA solution, therefore making it possible to collect the Au 3+ ions and recycle the CS and NCMCS beads [45] . The adsorption of Al(III) from aqueous solutions onto CS was studied in a batch system [46] . The cross-linked N,O-carboxymethyl-CS resin with Pb(II) as template ions (cross-linked CMCS template) were synthesized and cross-linked with glutaraldehyde to improve adsorption selectivity for heavy metals. The adsorption experiments demonstrated high adsorption selectivity for Pb(II) of cross-linked CMCS template. Furthermore, although the adsorption capacities for Cu(II), Co(II), Ni(II), Zn(II) decreased in compare with CMCS for adsorption of Pb(II) from the mixture solution of Pb(II)-Cu(II)-Zn(II) solutions. This was an effective way to separate Cu(II), Zn(II) and Pb(II) ions selectively. The sorption of CMC and the cross-linked CMC template for Pb(II) was a chelate process through both oxygen and nitrogen atoms co-ordinated with Pb(II) in the polymer chain [47] The PAAc-functionalized chitosan granules (CS-PAAc) showed significantly greater adsorption capacities for lead ions than CTS, and the performance improved with the increase of pH: 1-6. The excellent adsorption performance of CS-PAAc for Pb 2+ was attributed to the many carboxyl groups grafted on CS-PAAc beads. Desorption study showed regeneration of adsorbent without any loss of adsorption capacity and confirmed utilization of CTS-PAAc to remove Pb 2+ ions from the wastewater [48] . ions from aqueous solution. The amount of adsorbed Cu 2+ per gram of the beads decreased with the increase of CS and NaOH concentration in the beads [49] . CS was chemically modified with 2[-bis(pyridylmethyl)aminomethyl]-4-methyl-6-formylphenol (BPMAMF) and employed to study the kinetics and the equilibrium adsorption of Cu(II), Cd(II), and Ni(II) metal ions as functions of the solution pH [50] . The kinetics was evaluated for the utilization for the pseudo-first-order and pseudo-second-order equation models and the equilibrium data were analyzed by Langmuir and Freundlich isotherms models. The adsorption kinetics follows the mechanism of the pseudo-second-order equation for all studied systems and this mechanism suggests that the adsorption rate of metal ions by CHS-BPMAMF dependent on the number of ions on the adsorbent surface, as well as on their number at equilibrium. Modified CS, 2[-bis-(pyridylmethyl) aminomethyl]-4-methyl-6-formyl-phenol (HL by Schiff's base reaction), was identified as new adsorbent materials for the removal of Cu(II) in aqueous media [51] .
Chitosan based membranes for the adsorption/separation of amino acids and proteins
Introduction of silica into the CS created a dense and uniform hybrid network and reduced the degree of swelling of the materials in aqueous system, which ensured the formation and maintenance of imprinting sites. The specific interactions of imprinting cavities in the hybrid membrane with templates resulted in a significantly improved chiral resolution of the imprinted membranes by strengthening the binding ability of the imprinting molecules, hindering their diffusion and facilitating the transport of the other isomers. The chiral separation ability of CS/ glycidyl propyl trimethoxysilane (GPTMS) hybrid molecularly imprinted membranes towards the underivatized d,l-Phe aqueous mixture was evaluated by permeation and binding experiments. The selectivity of the developed membrane was increased along with a 4.5 separation factor [51, 52] . Porous structured CS-β-cyclodextrin (CD) membranes were synthesized by incorporating β-CD polymers as the functional moiety and GPTMS used as cross-linking agent [53] . The developed membrane exhibited the significant changes in molecular constitutions, crystalline and thermal properties. Modifications of CS were carried out by either introducing phosphonic acid group or by quaternization of existing primary amine groups in order to make it water soluble [54] . The functionalized materials were used to prepare charged nanoporous composite membranes of different compositions of N-methylene phosphonic chitosan (NMPC) and quaternized chitosan (QC) by taking required modified materials and poly(vinyl alcohol) 50% (w/w) in aqueous media and later the membranes were gelated in methanol at 10°C to tailor pore structure in the membrane matrix. FTIR and IEC studies confirmed the introduction of phosphonic acid groups and quaternary ammonium groups, resulting in formation of crosslinking or covalent bonding with PVA that resulted the composite membranes. Thermodynamic properties of dilute aqueous solutions of NMPC, QC, and their mixture were also studied and it was concluded that both individual materials have good hydrophilic interactions with water and mixed solution exhibited electrostatic interactions between negatively charged -PO3H2 and positively charged -N+(CH3)3 groups. Membrane conductivity studies revealed that PC/QC−30 was a relatively dense membrane and may be able to discriminate between different types of ions based on their ionic radii. The values of diffusion coefficient of ions across the membranes (Dm i ) for different electrolytes follow the trend NaCl > CaCl2 > MgCl2 in the case of PC/QC-30 membrane which suggested the applicability of the developed membrane for the electrolyte separations, because of their varied diffusional migration. Membrane permeation studies also confirmed the lowest equivalent pore radius for PC/QC-30 membrane, and the relative permeability of these membranes for different types of ions suggests the suitability of PC/QC-30 membrane for the separation of Na+ from Ca2+ and Mg2+ mixture. Cross-linked CS/ poly(methacrylic acid) (PMAA) particles was obtained via template polymerization. The resultant particles were characterized for different charge density regions. Albumin was adsorbed on these particles (after cross-linking with glutaraldehyde), and pH was controlled for: (i) adsorption of positively charged albumin and (ii) adsorption of albumin at its iso-electric point. Adsorption isotherms and zeta potential (ζ) measurements showed that albumin adsorption was controlled by hydrogen bonding/van der Waals interactions and the brush-like structures may enhance the adsorption of albumin on these particles. It was also found that shearing can induce desorption of albumin from PEC surface, depending on the continuous phase albumin concentration [55] . Semiinterpenetrating networks (IPN)-structured CS/β-cyclodextrin (CS/CD) composite membranes were prepared and used for the enantiomeric separation of tryptophan (Trp) racemate mixture. The diffusion selectivity as compared to sorption selectivity was responsible for the enantiomeric separation of Trp. Thus the overall sorption-diffusion process could be condensed to a mechanism which is schematically illustrated in Fig. 2 . Both CS and β-CDP exhibited l-Trp selectivity in the sorption process, and the concentration gradient built by sorption process between donor side and receptor side within membrane thickness contributed to the following diffusion process. The diffusion process was predominant for the fact that the sorption process showed a l-Trp selectivity while the overall sorption-diffusion process favored d-Trp. Due to lower complexation selectivity of β-CDP which narrow the difference between diffusion resistances of d and l-Trp, the www.intechopen.com diffusion rate difference between d-and l-Trp diminished that accounts for a decreased permselectivity in the presence of β-CDP. Meanwhile, permeate flux for both d-and l-Trp was found to increase considerably with the increase of β-CDP content within the membrane, which could be attributable to the facilitated mass transport of Trp enantiomers through β-CDP within the membrane. Both CS and β CDP exhibited l-sorption selectivity in the sorption experiment, and while the complexation selectivity of β-CDP with Trp was relatively lower, which would reduce. The obtained results provided useful information for the development of composite membranes for enantiomers separations [56] .The surface of CS films was modified to introduce the positive and negative charges. The positively charged CS surface was prepared by a reaction between the amine group of CS and methyl iodide (CH 3 I) to form the quaternary ammonium-functionalized CS surface (QAC film) as depicted in Scheme 1 [57] .
Scheme 1. Introduction of charged fuctional groups to the surface of chitosan.
The CS/CMC blend membranes were prepared by a simple solution-blending method with glutaraldehyde as a cross-linking agent for CS and with silica particles as progens [58] . Shi et al. oworkers developed affinity membranes by immobilizing Cu 2+ ions onto CS modified disc alumina to purify hemoglobin from a hemolysate and achieved a binding capacity of ∼17.5 mg of hemoglobin per gram of membrane [59] . CS-Cibacron blue F3GA affinity membranes were prepared in three steps: (i) dissolving CS in a dilute acetic acid solution;
(ii) pouring the CS solution containing PEG as progen over a microporous polyether sulfone (PES) membrane; and (iii) coupling the membrane with the dye under the mild alkaline condition [60] . Adsorption studies of human serum albumin (HSA) on developed substrate under the equilibrium and dynamic conditions revealed as affinity membrane having the good adsorption capacity for HAS. The surface of CS films modified with amine groups of the glucosamine units affected the hydrophobicity. The improved surface hydrophobicity affected by the stearoyl groups promoted protein adsorption. In contrast, selective adsorption behavior was observed in the case of CS films modified with anhydride derivatives. Lysozyme adsorption was enhanced by H-bonding and charge attraction with the hydrophilic surface. While the amount of albumin adsorbed was decreased possibly due to negative charges that gave rise to repulsion between the modified surface of CS and albumin [61] . The adsorption of human IgG on the immobilized protein on a composite membrane was further studied under both equilibrium and dynamic conditions. The equilibrium adsorption did not follow the Langmuir model, but well fitted the FreundlichLangmuir adsorption isotherms. The results indicated that the affinity of CS/cellulose membrane has a great potential in fast purification of biomolecules [62] . The concept of chiral ligand exchange was employed to achieve the chiral resolution of tryptophan (Trp) enantiomers by using CS membrane in a sorption resolution mode and Cu(II) ion acted as the complexing ion. Porous CS membranes were prepared by freeze-drying method (CS−LT) and sol-gel process at high temperature (CS−HT), respectively, to investigate their sorption resolution characteristics. The CS chiral ligand exchange membranes exhibited good chiral resolution capability. Meanwhile the sorption selectivity of the CS membranes was found to be reversed from L-selectivity at low Cu(II) ion concentration to D-selectivity at high copper(II) ion concentration, which was attributable to the stability difference between the copper(II)-L-Trp and Cu(II)-D-Trp complexes. Moreover, CS-HT membrane showed better performance with respect to both sorption selectivity and sorption capability than CS-LT membrane, which mainly resulted from its more amorphous structures as compared with the more crystalline structures of CS-LT membrane. The superiority of sorption capability of CS-HT membrane is also attributable to its larger specific surface area than that of CS-LT membrane. The results obtained were conducive to the design and fabrication of chiral ligand exchange membranes for enantiomeric separation in sorption mode [63] . Affinity membranes based on a Ni 2+ −chelating CS surface were fabricated to immobilize C-terminus hexa histidine-tagged green fluorescent protein (His-GFP) [64] . The ability of histidinetagged proteins to chelate with Ni 2+ ions that were coordinated to functionalized polymeric matrices. Both membranes had comparable amounts of his-GFP immobilized on the surface. However, the amount of anti GFP bound to the Ni 2+ -chelated his-GFP complex at saturation was higher than that bound to the glutaraldehyde-immobilized his-GFP by a factor of five. Furthermore, fitting the data to a single-site Langmuir model resulted in an affinity constant for the Ni 2+ chelated his-GFP complex towards anti GFP was 14 times higher than the glutaraldehyde-immobilized his-GFP. The higher affinity suggested that immobilizing a protein at its C-terminus resulted in the proper orientation for subsequent binding of antibodies. At low antibodies concentrations, the sensitivity of the affinity membrane was 70 times than that of the control. The ability to capture specific proteins with their respective antibodies would be highly advantageous to any assay based on the identification of biomarker proteins. Beppu et al. [65] prepared CS membrane and cross-linked with glutaraldehyde in order to see the effect on ion permeability and water adsorption property. Heterogeneous cross-linking with glutaraldehyde showed to produce more CS structures in CS membranes, which then interfere in the interaction with water and ions and changes their mechanical characteristics. Thus the developed membrane can be easily used for the separation of cations from their mixture solution [66] . The permeability coefficients of the metal ions obeyed the models, those for CS membranes were found lower than predicted values and found the largest deviation than the transition metal ions. The diffusive properties of CS membranes towards metal ions offer potential for protection of CS based biological systems against destructive effects of heavy metal ions. A new kind of metal affinity membrane based on a ceramic support was prepared by: (i) deposition of a CS layer in order to functionalize the ceramic support; (ii) cross-linking with epichlorohydrin to stabilize the polymer layer and to enable for further grafting, and (iii) grafting of iminodiacetic acid [67] . Schematic structure of affinity membrane is presented in Fig. 3 . Due to the ceramic support, this membrane is highly resistant and CS layer brings biocompatibility properties. The commercially available membranes were modified with cationic layer of quaternized CS to enhance their selectivity towards the metal ions [68] .
Highly porous CS/ cellulose acetate (CA) blend hollow fibers as adsorptive membranes were successfully fabricated through a wet spinning process with CA and CS. The developed hollow fiber based membranes can be efficiently used for affinity-based separations of metal ions, amino acids and proteins [69] . The hollow fiber membranes were prepared from CA acted as a matrix polymer and CS functional polymer to provide the membrane with coupling or active sites for affinity-based separations. Formic acid was used as the co-solvent for both CA and CS to prepare the dope solution and NaOH solution was used as the external and internal coagulants in the wet spinning fabrication process. The properties of the blend hollow fibers membranes were characterized through water flux measurements, surface and cross-section examinations. Adsorption performances of the composite membranes for Cu 2+ ions and BSA on the surface were compared with CA hollow fibers membranes. The blend hollow fibers membranes achieved significantly better adsorption performance as compared to CA hollow fibers, indicating the benefit of adding CS into CA to make novel blend hollow fibers membranes in improving the performance of the traditional CA hollow fibers, especially for the affinity-based separations [70] . Compared to chromatographic methods, membrane separation techniques offer advantages of lower cost and ease to scale-up for commercial production. However, the lack of membrane selectivity and its fouling due to protein absorption during filtration has severely restricted their ultrafiltration (UF) applications [71] . Nowadays, UF has been widely used as preferred method for protein concentration and buffer exchange that replaced size exclusion chromatography in these applications [72] . UF membranes prepared from a variety of synthetic polymers have high thermal stability, chemical resistivity, and restricted the use of fairly harsh cleaning chemicals [73] . The choice of membrane was usually guided by its molecular weight cut-off (MWCO), which is defined as the equivalent molecular weight of the smallest protein that would exhibit above 90% rejection. However, the experimental conditions and systems used to evaluate 90% MWCO have not been standardized [74] . Fractionation of dairy wastewater into lactose-enriched and protein-enriched streams using www.intechopen.com UF membrane technique was also studied. Three regenerated cellulose membranes of 3, 5 and 10 kDa MWCO were used to determine the process efficiency. The performance was determined under various processing conditions that include the operating temperature, trans-membrane pressure across the membranes and the concentration of lactose in the feed solution [75] . CS/polystyrenesulfonate (PSS) multilayers membrane on PES supports was prepared by casting method. The developed membrane was used in ultrafiltration for the separation of ternary mixture of proteins (BSA, ovalbumin and Lysozyme (LYS) mixture [76] . BSA was rejected by the multilayer membrane at all the studied concentrations (0.25, 0.5, 1.0 and 2.0 mg ml -1 ). BSA solution flux was found to decrease with an increase in BSA concentration. BSA-lysozyme separation may also be achieved using the with multilayer composite charged ultrafilter membrane. Hydrophobic poly (vinylene diflouride) (PVDF) membrane was modified with CS in order to reduce the protein fouling in ultrafiltration. The hydrophilicity of the modified membrane increased (decline in contact angle) with increasing CS concentration and modification time. However, the water permeate flux was decreased with the increase in CS concentration and modification time. Moreover, the modification method significantly affected the deposition of CS on membrane surface and pore wall. The protein fouling study was carried out and found that the normalized flux during the BSA filtration slightly declined when modified membrane having the high CS concentration. The modification of PVDF membrane with CS could effectively prevent protein fouling on membrane. Protein adsorption on the modified membrane was highest at BSA iso-electric point (IEP) while the adsorption decreased at BSA solution pH was far from the IEP [77] . The fabrication of a novel composite membrane with high flux and good selectivity was carried out by modifying the surface of a microfiltration membrane with a uniform coating of CS/ PSS polyelectrolyte multilayer, which may find application in protein separations under ultrafiltration conditions. The individual transport studies of ovalbumin and lysozyme indicated that these egg white proteins could be separated using multilayer deposited charged ultrafilter membrane [78] . Experimental data collected includes total flux as a function of time, as well as final protein deposition dependant on feed volume flow, pH and protein concentration [79] . The Poly(acrylonitrile) (PAN)/CS composite ultrafiltration membranes were prepared by filtration of CS solution through PAN base membrane and subsequent curing and treatment with NaOH. The formation of CS layer on the surface of PAN base membrane was confirmed by Fourier transformer infrared (FTIR), X-ray photoelectron spectroscopy (XPS) and scanning electron microscopy (SEM). While the deposition of CS on the pore walls was confirmed by determination of various parameters such as pure water permeation, pore size distribution and MWCO and it was found that decline in studied parameters compared with pristine membrane. The composite membranes were stable in aqueous medium and showed reduction in pure water fluxes after the filtration of aqueous acidic (pH: 3.0) and basic (pH: 11.0) solution, which was attributed to the swelling of CS layer. The composite ultrafiltration membranes can be efficiently used for the separation of proteins from their mixture [80] . The use of electric field in UF goes back to the first study carried out by Bechhold by imposing electric field in UF and utilized a combination of electro-osmosis and electrophoresis to purify colloids in an apparatus he called an 'electro-ultrafiltration' (EUF) [81] . EUF is an effective method to decrease gel layer formation on the membrane surface and to increase the filtration flux, owing to electro-kinetic phenomena such as electrophoresis and electro-osmosis [81] [82] [83] [84] [85] [86] . Basic principle of EUF is presented in Fig.4 . This process aroused from a combination of number of mechanisms, including ion association, ion adsorption or ion dissolution. The electrochemical properties of the membrane surface and the dispersed materials or solutes can have a significant influence on the nature and magnitude of the interactions between the membrane and the used substances and their separation characteristics. The utilization of such properties by the application of external electric fields improved substantially the membrane performance. The accumulation of the solutes on the membrane surface is limited by the imposed electro-phoretic force. In addition, the filtration rate through the filter cake is dramatically enhanced due to electroosmosis as a secondary electro-kinetic phenomenon. This method is best suited for the separation of protein since its surface charge changes according to the solution pH [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] . As biological products like proteins and peptides are sensitive to shear stress and temperature, the coupled effects of electric field and pressure served as an additional driving force for the separation, which is an interesting way to improve the membrane permeates flux without increasing the shear stress [81, 102, 103] . Since proteins carry a net electrical charge, an electrical field may be used to reduce the influence of polarized layer. By applying a suitable external dc electric field, the protein molecules were transmitted through the membrane due to the electrostatic attraction and decline in concentration polarization. EUF was also studied as a membrane cleaning procedure, in which electrical fields attracted the particles with opposite charge from the membrane surface, and initial permeate flux was restored by eliminating fouling up to large extent. It was observed that as the voltage increased, the cake layers deposited on the membrane surface became thinner. Eventually when the critical voltage, at which the foulants were stationary reached no particle deposition on the membrane surface was observed [104] . Functionalizations of CS were carried out by either introducing phosphonic acid group or by quarternization of existing primary ammonium groups for making it water soluble biopolymer material. Negatively charged PC-Si and positively charged QC-Si membranes were prepared using www.intechopen.com TEOS and PVA as plasticizer by acid catalyzed sol-gel reaction in aqueous media. These membranes were gelated in the methanol under optimized conditions for tailoring the pore structure of the membrane. FTIR spectra and IEC study of the membranes confirmed the membrane conductivity, surface charge density and counter-ion transport number of the membranes also revealed mild charged nature. These membranes were employed for the separation of proteins from their mixture under coupled driving forces. It was concluded that separation of LYS from the mixture of BSA-LYS at pH: 4.8 (pI of BSA) using negatively charged PC-Si membrane or BSA from the mixture of BSA-LYS at pH 10.7 (pI of LYS) using positively charged PC-Si membrane, was possible with high selectivity. Also in all cases due to coupling of driving forces, filtrate flux and protein transmission was enhanced. Furthermore, applied electric gradient further progressively enhanced the separation factor (SF) suggested highly selective separation of protein under coupled driving forces. Protein transmission (selectivity) and membrane throughput across both membranes were studied using binary mixture of protein under different gradients at pH: 2.0, 4.8, 10.7, and 13.0. Furthermore, applied electric gradient progressively increased the SF, which was close to 10 for PC-Si and 15 for QC-Si membranes. Relatively high SF of individual protein from binary mixture and filtrate velocity suggests the practical usefulness of this novel process. BSA transmissions across both types of membranes and its effect on the pH of the feed protein solution were studied under coupled driving forces (pressure and electric gradient) in order to investigate the effect of nature of charge on the protein molecule (BSA), membrane matrix and direction of electric polarity applied. Schematic diagram for the different modes of protein transmission such as protein transmission using uncharged ultrafilter membrane without any electric gradient is presented in Fig. 5A . While Fig. 5B represents protein transmission under coupled driving forces using negatively charged ultrafilter membrane (PC-Si) and same for positively charged membrane (QC-Si) is depicted in Fig. 5C [105] . 
Polymer electrolyte membranes for fuel cell applications
The fuel cell (FC) is an electro-catalytic membrane reactor where the chemical energy of a fuel and an oxidant is continuously converted to electrical energy. The basic principle of a FC is not different than that of electrochemical batteries. However, in batteries the chemical energy is stored inside and conversion to electrical energy requires either disposal or recharge. In a FC, however, the chemical energy is provided by the fuel and an oxidant that stored outside the cell. Electrical energy can then be continuously produced as long as the fuel and the oxidant are provided. In a FC, the chemical energy is directly converted to electrical energy with efficiencies much higher than the conventional thermo-mechanical www.intechopen.com systems. In addition, FC operates without combustion and it is pollution free [106] . The FC is basically composed of two electrodes i.e. (anode and cathode) and an electrolyte. The energy conversion reaction occurs at the electrodes. The fuel is oxidized at the anode, the oxidant moves through the electrolyte and is reduced at the cathode. Hydrogen-oxygen (H 2 -O 2 ) FC, one of the most important fuel cell in which the hydrogen releases electrons and converted into the hydrogen ions (H + ). The H + ions permeate through the electrolyte and the electrons flow through an external load circuit to reach the air-electrode (cathode). On the cathode, H + ions, electrons and oxygen react to form water. The reaction take place at the electrode in FC is presented as: -2 Anode: H sH +2e
+-22
Cathode: 2H +1/2O +2e H O →
Over all reaction: H +O H O →
The nature of the electrolyte (liquid or solid) determines the operating temperature of a FC. The electrolyte blocks the electrons and prevents the electrical contact between the electrodes. It can either be a proton contactor or an oxygen ion contactor. The major difference between the two is the side of FC where the water is produced. When a proton conductor is used, the water is produced in the cathode side of FC. The FC systems are commonly distinguished by the type of electrolyte applied, in the following categories: alkaline fuel cells (AFC), phosphoric acid fuel cells (PAFC), molten carbonate fuel cells (MCFC), solid oxide fuel cells (SOFC) and polymer-electrolyte fuel cells (PEFCs). In this chapter, we focus on the PEFCs where a polymeric membrane is used as electrolyte. The H 2 /O 2 fuel cell, commonly referred to as polymer electrolyte fuel cell (PEFC) and the direct methanol fuel cell (DMFC) are the two types of fuel cells which use polymer electrolytes. DMFCs have higher energy density but exhibit shortcomings such as (a) slower oxidation kinetics than PEFC below 100°C and (b) significant permeation of the fuel from the anode to the cathode resulting in a drop in efficiency of fuel utilization up to 50% [107] . In order to improve fuel cell performance, it is essential to understand the effect of operating parameters on fuel cell performance. Membrane is the core component of polymer electrolyte membrane (PEM) fuel cell. To achieve high efficiency, membrane must possess the following desirable properties: (i) high proton conductivity to support high currents, (ii) resistive losses and zero electronic conductivity, (iii) adequate mechanical strength and stability, (iv) chemical and electrochemical stability under operating conditions, and (v) moisture control in stack. A series of cross-linked CS sulfate membranes have been developed by grafting CS monomers with -SO 3 H groups and then cross-linked the polymers by the reaction between -SO 3 H groups in CS sulfate and the amido groups in pure CS [108] . Although these types of membranes do not offer significant advantages over Nafion, as far as proton conductivity concerned and a significant reduction in methanol permeability make these polymers appeared to be suitable for DMFCs applications [109] .
The ratio between PVA and CS in the substrate membrane varied in order to determine an optimal substrate for the reduction in methanol crossover. The pore filling developed membranes were characterized in terms of methanol permeability and conductivity. The composition ratio between PVA and CS can affect the proton conductivity. The developed composite membranes were also tested for methanol permeability [110] . The ionic crosslinking occurred on blending the polyelectrolyte that excludes the need of using other crosslinking agents. The study thus reveals the possibility of preparing low cost acid-base polyelectrolyte blend membranes having IEC comparable to that of Nafion but relatively lower methanol permeabilities. New polymer electrolyte composite membranes were prepared by using CS as the matrices and incorporating potassium hydroxide for ionic functionality [111] . Hybrid membranes were prepared from CS as organic matrix and surface-modified Y zeolite as inorganic filler. Membranes were tested for their applicability for use in DMFC by methanol permeability, proton conductivity and swelling property [112] . Two series of novel cross-linked composite anion exchange membranes were prepared using different mass of QAPVA and HACC and using GA as the cross-linking reagent [113] . The quaternary ammonium group grafted onto the matrix of quaternized poly(vinyl alcohol) (QAPVA) and quaternized CS (2-hydroxypropyltrimethyl ammonium chloride chitosan, (HACC) composite membranes have exchangeable anions. Novel cross-linked composite membranes were investigated for their applicability in alkaline membrane fuel cells.
The composite membranes showed a high conductivity (10 −3 to 10 −2 Scm −1 along with low methanol permeability (from 5.68×10 −7 to 4.42×10 −6 cm 2 s −1 ) at 30°C. It was concluded that membrane structure was the principal factor for affecting the conductivity and methanol permeability of membranes. A series of quaternized-chitosan derivatives (QCDs) with various degrees of quarternization was synthesized using glycidyltrimethylammonium chloride as a main quaternized reagent [114] . These QCDs were then processed into hydroxide by dipping the resultant membranes in aqueous potassium hydroxide solutions. The resultant anion-exchange membranes in hydroxide form were further cross-linked by using ethylene glycol diglycidyl ether as a cross-linker. An anhydrous proton conducting membrane was prepared from CS, which possesses a large proton exchange capacity. The composite membrane (CS-200 wt% MP) showed the high proton conductivity (5×10 −3 S cm −1 ) at 150°C under anhydrous conditions [115] . Additionally, the proton conduction mechanism of the composite membrane was attributable due to proton transfer into the proton defect site without the assistance of diffusible vehicle molecules. The utilization of a biopolymer, such as CS for PEMFC technologies is novel and challenging where biological products are usually considered as waste, non-hazardous, and environmentally benign. Especially, the low production cost of the biopolymer is an attractive feature. Zeolite beta particles with different sizes and narrow size distribution were hydrothermally synthesized and incorporated into CS matrix to prepare CS/zeolite beta hybrid membranes for DMFC [116] . Interfacial interaction between modified-zeolite-filled chitosan membranes has been illustrated in Fig. 6 . Sultone precursor (1,3-propane sultone (PS)) directly endowed the sulfonic acid groups from ring opening of sultone and did not need further treatment after the surface functionalization of zeolite beta particles. In the case of phenyl group precursor phenyl trimethoxy silane (PTMS), the phenyl groups grafted onto zeolite beta further reacted with concentrated sulfuric acid at 80 °C. As for thiol precursor i.e. mercaptopropyl trimethoxy silane (MPTMS), the mercapto groups was grafted onto zeolite beta and then oxidized into -SO 3 H groups with H2O2 solution at 25°C. Then sulfonated zeolite beta particles were incorporated into CS membrane matrix. Then the membranes were characterized and found Fig. 6 . Schematic presentation of interfacial interaction between modified-zeolite-filled chitosan membranes (a) CS-H 2 NY membranes and (b) CS-HO 3 SY membranes that the introduction of −SO 3 H groups could reduce the methanol permeability further as a result of the enhanced interfacial interaction between zeolite beta particles and CS matrix. Further sulfonation of zeolite beta particles improved their compatibility with CS matrix through increasing the ionic interaction between -SO 3 H groups and -NH 2 groups. Thereby, most of CS/beta−SO 3 H hybrid membranes showed lower methanol permeability and higher selectivity than CS/beta hybrid membranes. However, their proton conductivity changed only a little, indicating that the vehicle mechanism was dominant in proton conduction. Considering low methanol permeability, moderate proton conductivity, high selectivity, environmental benignity, low cost as well as facile fabrication, CS membranes filled by zeolite beta, especially sulfonated zeolite beta, showed a promising potential for DMFC applications [117] . CS served as catalyst support for Pt particles. LBL films of CS may also be used in hybrid cells with a Nafion membrane, in which synergism is sought between the properties of Pt in self-assembled films and Nafion membranes. The CS membranes were prepared from CS flakes extracted from the exoskeleton of Cape rock lobsters, and were cross-linked with H 2 SO 4 [118] . The four composite membranes i.e. CS/ heteropolyacids (HPAs), CS/ phosphomolybdic acid (PMA), CS/phosphotungstic acid (PWA) and CS/silicotungstic acid (SiWA)) were prepared by an infiltration and selfassembly method [119] . The methanol permeability of CS/PMA composite membrane was approximately two times higher than Nafion 117. Among the all membranes, CS/PMA membrane was identified as ideal candidate for DMFC applications as it exhibited low methanol permeability (2.7×10 −7 cm 2 s −1 ) and comparatively high proton conductivity (0.015 S cm −1 at 25°C). Thus, CS/HPAs composite membranes were promising proton-conducting materials and have great potential for use in DMFCs application [120] . The effects of zeolite pore size, particle size, hydrophilic/hydrophobic nature, and zeolite content on the membrane performance were explored. The transport of methanol in all the as-prepared membranes was mainly controlled by the diffusivity [121] . Hydrophobic zeolite with a relatively high Si/Al ratio preferentially adsorbed methanol by London force, leading to decreased water uptake, swelling, free volume cavity size and methanol permeability but increased methanol uptake. Meanwhile, the proton conductivity was slightly decreased with zeolite content due to the decrease of water content in the membranes. The hybrid membranes displayed desirable thermal and mechanical stabilities within the working temperature range of DMFC. Solid superacid (STiO 2 ) particles into CS-intermolecular interactions between STiO 2 and CS segmental chains were confirmed by FTIR image, suggesting that the addition of sulfate ions into TiO 2 particles might be retard the crystallization during the calcinations procedure. The results confirmed that STiO 2 particles (10 nm) as inorganic filler were successfully incorporated into the CS membrane matrix. Meanwhile, due to the interfacial interactions between STiO 2 and CS chains, the hybrid membranes exhibited an enhanced mechanical strength and adequate thermal stability as verified by mechanical strength characterization and thermo-gravimetric analysis. Consequently, CS/STiO 2 hybrid membranes acquired higher selectivity compared with control CS membrane [121] . New polymer electrolyte composite membranes were prepared by using CS as the matrices and incorporating KOH for ionic functionality. These membranes had a three-layer structure, which consists of a porous intermediate layer and two cross-linked solid surface layers. Their ionic-conductive properties were investigated using impedance spectroscopy. All fuel cells showed an open-circuit potential around some possible improvements on the performance of the resultant fuel cells were also found. Proton conducting cross-linked complex membranes was prepared by blending of a cationic polyelectrolyte, i.e. CS and an anionic polyelectrolyte, i.e. poly (styrenesulfonic acid-comaleic acid) (PSSA-MA). The synthetic procedure for cross-linked CS/PSSA-MA membranes is illustrated in Scheme 2. CS contain two functional groups, i.e. hydroxyl (-OH) and amine (−NH 2 ) whereas PSSA-MA contains two acids, i.e. strong acid (−SO 3 H) and weak acid (−COOH). Thus, two interactions occurred in blend membranes. The other was the complex formation between −NH 2 of CS and −SO 3 H of PSSA-MA. Thus the PSSA-MA acted as a cross-linker and a proton conductor in the blend membranes. The interaction between CS and PSSA-MA was confirmed by FTIR study. The minimum water uptake and conductivity were attributed to the competitive effect between the formation of crosslinking/complex and the concentration of ionic groups in the membrane matrix. All the membranes exhibited temperature dependent proton conductivity, i.e. the increase of conductivity with temperature. Furthermore, CS is an extremely cheap, nonhazardous, and environmentally polymer which is advantageous over other polymer electrolyte membranes in terms of the green technology fuel cells [122] . Polymer electrolyte complexes of CS and poly vinyl phosphonic acid (PVPA) were prepared by in situ polymerization of vinyl phosphonic acid (VPA) in CS matrix [123] . Polybenzamidazole (PBI) and sulfuric acid (H 2 SO4) composite membranes were prepared and the exclusion problem was observed especially in PBI/H 3 PO 4 composite membranes [124] . Sulfonated polysulphone (SPSF) /CS exhibited high IEC and proton conductivity higher than Nafion 117 at temperature above 100°C. The membrane also showed adequate geometrical and thermal stabilities and can therefore be considered as a potential alternative fuel cell membrane especially for high temperature operations. The modification of CS was carried out by introducing -PO 3 H 2 group and composite membranes were prepared by blending the phosphonated CS and PVA of different compositions [125] . Then the membranes were cross-linked by HCHO as cross-linker by formal reaction. All these bonds exhibited affinity towards water and repel organic molecules such as methanol, which leads to the hydration of polymer matrix with enhanced water retention. NMPC/PVA composite biomaterial was used for the membrane preparations with known composition. Novel cross-linked composite membranes were synthesized to investigate their applicability in AEM fuel cells [126] . These membranes consist of QAPVA and HACC with glutaraldehyde as the cross-linking reagent. With the quaternary ammonium group grafted onto the matrix of QAPVA and HACC, the composite membranes possessed exchangeable anions [127] . PEC membrane for DMFCs was also prepared by blending a cationic polyelectrolyte, CS with an anionic polyelectrolyte, acrylic acid-2-acrylamido-2-methylpropane sulfonic acid copolymer (P(AA-AMPS)) [128] . The CS/P(AA-AMPS) membrane with a P(AA-AMPS) content of 41 wt.% exhibited a methanol permeability (P) of 2.41×10 −7 cm 2 s −1 which was fifteen times lower than that of Nafion®117 where as its proton conductivity (σ) was comparatively high (3.59×10 −2 S cm −1 ). In terms of the overall selectivity index (β = σ/P), the PEC membrane showed a remarkably higher selectivity than Nafion®117 and, furthermore, the overall selectivity index increased with the increase of P(AA-AMPS) content. This kind of PEC membranes jointly utilized the methanol-rejecting property of one polyelectrolyte and the proton-conducting property of the other polyelectrolyte showed a promising application for DMFCs [129] [130] [131] [132] . Organic-inorganic nanostructured composites constitute an emerging research field, which has opened the possibility of tailoring new materials because they combine in a single solid both the attractive properties of a mechanically and thermally stable inorganic backbone and the specific chemical reactivity and flexibility of the organo functional groups. Reports are available for diversified applications of CS inorganic hybrid nanostructured material. Blended PEM of CS with zeolite was also reported [133−139] . But mechanical stability and leaching out are serious problems for their prolonged use. It was expected that grafting of aromatic ring and less acidic −COOH groups on CS moiety will balance its hydrophilichydrophobic nature and enhance proton conducting properties [140] . The distribution of silica particles within the membrane matrix was assessed by TEM study. This provides evidence that these hybrid membranes have nanosized silica particles homogeneously www.intechopen.com distributed within the polymer matrix. The main advantage of preparing hybrid membrane by the sol-gel method was uniform homogeneous distribution. These results suggest that the uniform hybrid membrane with nanosized silica and −SO 3 H clusters in the membrane matrix. The activation energy (Ea) increased significantly with the increase in NCBC-silica content in the membrane phase. In all cases, 2.0 h cross-linked membranes with the same compositions showed maximum Ea. The E a of the prepared membranes were slightly higher than that of Nafion117. Thus, the thermal activated conduction process for prepared composite membranes was higher in comparison with Nafion117 membrane. At higher temperature, fast proton and water molecule diffusion resulted in a rapid conduction process, due to the more continuous pathway because of interlinking of hydrophilic channels. Furthermore, comparable Ea values of prepared and Nafion117 membranes indicated a Grotthus-type conduction mechanism. The performance of PCS-3-3 membrane was tested by recording current-voltage polarization curves in DMFCs under different experimental conditions with varying methanol concentrations (20, 30 , and 50% MeOH) in feed at 70 °C (Fig. 7A ). The variations of power density with current density are also presented in Fig. 7 (B) under similar experimental conditions. The nanostructure hybrid material was prepared from sepiolite with the cationic biopolymer CS. The strong interaction occurred between them after blending to each other and enhanced the thermal stability of the CS-sepiolite nanocomposite. Thus, the new CS-sepiolite hybrid materials are processed as self-supporting films that could potentially be used in different applications such as separation processes of gas mixtures, components for electrochemical sensors, or membranes in fuel-cell devices [141] . New PEM composite membrane comprises of CS, PVA and calcium oxide (CaO) were fabricated. The effect of CaO particle addition into CS-PVA on conductivity and the feasibility of membranes for DMFC application were also carried out. The CaO particles have the profound effect on the CS−PVA membrane conductivity. These results indicated that CS-PVA-CaO composite membrane have excellent methanol barrier properties and found to be feasible for DMFC applications [142] . CS complex membranes were prepared and characterized at room temperature [143] . Fluorescence measurements were correlating the improved activity to alterations in the amphiphilic nature of the chemical microenvironment (immediately surrounding the enzyme) that the modified CS affords [144] . Phosphorylated CS membranes were prepared from the reaction of orthophosphoric acid and urea on the surface of CS membranes in N,N-dimethylformamide [143] . Membrane based on stabilized phosphotungstic acid (PTA) incorporated to chitosan (CS)-hydroxy ethyl cellulose (HEC) for application in direct methanol fuel cells (DMFCs) was reported. Membranes were characterized using FTIR, TGA, SEM and their mechanical properties were also evaluated. The PTA content in the CS-HEC blend membrane and its influence on proton conductivity, water/methanol sorption, and methanol cross-over in the DMFC was studied. The PTA-CS-HEC mixed matrix 3 (wt. %) stabilized membrane used in DMFC testing delivered peak power density of 58 mWcm2 at a load current [145] .
Chitosan based polymer electrolyte membranes for pervaporation (PV)
PV is a relatively new membrane separation process that has elements in common with reverse osmosis and membrane gas separation. In pervaporation, the liquid mixture to be separated (feed) is placed in contact with one side of a membrane and the permeated product (permeate) is removed as a low pressure vapor from the other side. The permeate vapor can be condensed and collected or released as desired. The chemical potential gradient across the membrane is the driving force for the mass transport. Pervaporation transport is usually described to be a three-step process: solution-diffusion-evaporation. The separation is based on the selective solution and diffusion. In developing pervaporation membranes, three issues must be addressed: (i) membrane productivity, (ii) membrane selectivity, and (iii) membrane stability. Membrane productivity is a measure of the quantity of a component that permeates through a specific area of membrane surface in a given unit of time. Membrane productivity is frequently characterized by permeation flux, J, which relates the product rate to the membrane area required to achieve the separation. Note that permeation flux depends on both the intrinsic permeability and the effective thickness of a membrane. The commercialization of the pervaporation technique is, to a large extent, attributed to the engineering approach of making thin membranes in asymmetric and composite forms. When the separation factor is unity, no separation occurs [146] . The silica CS membrane modified with functionalized silica (CSM-5 and CSM-10) were more suitable for the pervaporation and dehydration of ethanol/ aqueous mixture solution. Organicinorganic hybrid membranes with various TEOS contents from quaternized CS -tetra ethoxy silane (q-Chito-TEOS) were prepared by sol-gel reaction [147] . This study suggested that the preparation of organic-inorganic hybrid membranes for the dehydration of an azeotropic mixture of ethanol/water was possible by minimizing membranes swelling which was accomplished by controlling TEOS content in the hybrid membrane matrix (Fig.8.) . The CS membrane was modified with oppositely charged surfactants such as sodium dodecyl sulfate (SDS), sodium laurate (SL), sodium stearate (SS), dioctyl sodium sulfosuccinate (DSS) and amphoteric sodium N-lauroyl sarcosinate (SLS) [148] . The developed membranes were used for the separation of water-isopropanol mixtures at different temperatures. The highest separation selectivity was found to be 31,648 with a flux of 4.4×10 -2 kg m -2 h -1 for membrane (M-3) at 30ºC for 5 mass% of water in the feed.
www.intechopen.com Significantly activation energy for water (E pw ) lower than that of isopropanol (E pIPA ) suggested high separation ability for developed PECs membranes. Huang et al. prepared composite CS membranes on porous polyetherimide substrate support for the pervaporation separation of ethanol/toluene and methanol/toluene mixtures [149] . The CS membranes were acetylated in various concentrations of acetic anhydride solutions. The developed membranes were mechanically robust and stable to withstand the corrosive nature of ethanol/toluene mixture during the PV experiments. Developed composite membranes were considered as good candidate for PV separation of organic/organic liquid mixture. Homogeneous polyelectrolyte complex membranes (HPECMs) were fabricated by poly electrolyte complexes (PECs): CS/ sodium carboxymethyl cellulose (CMCNa) in aqueous NaOH solution [150] . TiO 2 particles were generated at the nanosized level, and dispersed homogeneously within the polymer matrix without aggregation even at high TiO 2 content. CS/TiO 2 nanocomposite membranes were considered as good candidate for the separation of ethanol from ethanol and water mixture. CS/PSF composite membrane was prepared in order to enhance the permeation rate [151] . CS composite membranes were prepared by casting CS solution onto a porous poly(ether sulfone) (PES) based ultra-filtration membrane with various surface cross-linking densities. The surface cross-linked CS composite membranes exhibited a high selectivity with a low permeation flux for the dehydration of water-alcohol mixtures by PV. Permeate flux and water concentration in the permeate decreased drastically with feed of ethanol concentration greater than 97 wt%. Permeation rate of CS composite membranes was less temperature dependent than that of PVA. IPA-water mixture was similar tendency as that of ethanol-water mixture in pervaporative dehydration performances [152] . Nwawi et al. prepared homogeneous and composite CS membranes by solution casting technology [153] . The composite CS/PSF composite membrane exhibited an advantage over the homogeneous when the isopropanol concentration in feed solution was increased more than 70%. CS-silica hybrid membranes (CSHMs) were prepared by cross-linking of CS by using 3-aminopropyl-triethoxysilane (APTEOS) as cross-linker to enhance flux and selectivity [154] . PV separation performance of water-ethanol by using the CS membrane was clearly correlated with the crystal property aroused from the preparation temperature. The prepared membranes showed the best separation index at 323K temperature. CS membranes were converted into its free amine form [155] . Devi et al. prepared novel cross-linked CS/poly(vinylpyrrolidone)(PVP) blend membranes for the dehydration of tetrahydrofuran (THF) by PV. Blend membrane was cross-linked with glutaraldehyde, followed by further cross-linking with sulfuric acid to improve the membrane resistivity towards water-rich media [156] . Won et al. prepared CS membranes and cross-linked by sulfuric acid. Dimethyl carbonate (DMC) an environmentally benign chemical is commercially produced by oxidative carbonylation of methanol, and the separation and purification of DMC is critical for the production of DMC due to azeotropic nature of the reaction mixtures. The membranes were tested for separation of binary DMC/water, DMC/methanol and methanol/water mixtures and ternary DMC/methanol/water mixtures in a temperature range of 25-55ºC. It was found that coupling effect was important in PV separation of multi-component mixtures due to interactions among the permeating species [157] . CS homogeneous membrane, PVA-poly (acrylonitrile) (PVA-PAN) and CS-PVA/poly (acrylonitrile) (CS-PVA/PAN) composite membranes were prepared for the separation of ethanol-water solutions [158] . Bacterial cellulose membrane (BCM) impregnated with CS based membrane was prepared and designated as CS-BCM. Then the modified membrane was used for the separation of ethanol/water (EtOH/H 2 O) azeotrope by PV. The effect of temperature on selectivity and flux through CTSN-BCM was also investigated. It was concluded that the developed CS-BCM based membrane can be an alternate for use in PV dehydration of EtOH/H 2 O azeotrope mixture [159] . Sodium zeolite-Y (NaY zeolite) filled CS polymeric membranes were developed and characterized for the PV dehydration performances [160] .
Conclusions
Interest in chitin was initially cultivated mainly by zoologists, marine entomologists, and physiologists, but in the late 1970s, chemists all over the world devoted attention to chitin. In particular, it was immediately realized that chitin was an abundant source of chitosan, the unique cationic polysaccharide (as opposed to a variety of easily accessible anionic polysaccharides), and, as such, was superior to man-made cationic derivatives of cellulose and starch. Chitin and its primary derivative chitosan, biopolymers from renewable resources (shells of shellfish, the wastes of the seafood industry), offer a distinct set of advantageous biological and physico-chemical characteristics that qualify them for a multiplicity of industrial, biotechnological, medical, food industry, separations and applications for energy devices such as fuel cell. These membrane processes are contributing to cleaner industries, a cleaner environment, water and food. The effective wide applications of chitosan based materials or membranes; however, becoming possible once the manufacture of chitinous materials of standardized characteristics has been worked out. The distinctive advantages of chitosan include availability, biocompatibility, biodegradability, non-toxicity, antimicrobial properties, heavy metal ions chelation, gel forming properties, ease of chemical modification, and high affinity to proteins. These characteristics of the polymer (chitosan) can be widely exploited in the near future in environmentally benign membrane based applications for environment, bio-technology and energy devices. This Chapter looks at how chitin/chitosan materials can contribute to the development of membrane-based processes.
Acknowledgements
Authors are thankful to Dr. P. K. Ghosh, Director, CSMCRI, Bhavnagar-364002, India for his encouragements and supports.
